In this study, physio-chemical properties of effective compounds of fennel plant were investigated through using computational chemistry. To do this, trans-anethole, estragole, 3'-hydroxyanethole and 4-methoxycinnamyl alcohol compounds that the most active ingredient combinations make up the fennel plant have been carried out at three different levels of HF, BLYP and B3LYP theories using 6-31G*, 6-311G*, 6-311G**, 6-311+G and 6-311++G basis sets. Additionally, ab initio calculation in the gas phase have been studied and physio-chemical parameters including Gibbs free energy, thermal energy, enthalpy, entropy, and thermal capacity in constant volume (C V ) of these compounds have been computed as well as Gibbs free energy in polar solvents such as ethanol and methanol and water. Based on these obtained data the structural stabilities of these flavorful compounds have been discussed. However, in these herbal effective compounds presented here the natural bond orbital (NBO) analysis has been performed which seemed quite informative to show some important atomic and structural features. The result lead to the issue that all those compounds in polar solvents, particularly alcoholic solvents solved and the compounds can be used sufficiently to extract the active ingredients of herb fennel.
INTRODUCTION
Foeniculum vulgare commonly known as fennel is a biennial medicinal and aromatic plant belonging to the family Apiaceae (Umbelliferaceae) 1 . Based on many phyto-constituents in fennel plant such as trans-anethole, and estragole compounds, it widely employed as important medicinal herbal to treat respiratory and gastrointestinal disorders and those phyto-compounds are founded in different parts of the plant including the oil, the dried ripe fruit and the seeds 2 .
Fennel seeds are used not only as a famous spices to flavored meat, chicken and seafood, but also as flavoring agents for desserts such as ice cream, or beverages. Several pharmacological experiments has identified fennel as a valuable medicinal plant with potential for multipurpose uses and also as a source for preparing raw materials of pharmaceutical industry, especially steroidal hormones 3 . As examples fennel is rich in phytoestrogens and is used for estrogen deficiency disorders and estrogens affect anxiety through neurochemical systems such as GABA-A receptors 4 or the positive impact of fennel for vaginal conditions occurring among postmenopausal women 5 .
In the works cited above important features of the fennel and its application as flavorful herb with culinary and medicinal uses were revealed and investigated, less attention was paid to the structural stabilities of the compounds and solvent effect. Therefore physio-chemical parameters including Gibbs free energy, thermal energy, enthalpy, entropy, and thermal capacity in constant volume (C V ) of these compounds have been computed in different level of theoretical calculation and several basis sets. Chemical structures of Trans-anethole, Estragole, 3'-Hydroxyanethole, and 4-Methoxycinnamyl alcohol as the most effectives ingredient of the fennel plant are performed in Figure 1 .
Computational details
Whole quantum computation that have been performed in present research using by Gaussian 98 program 6 . Full geometry optimizations of the most actives ingredient of fennel plant have been carried out employing Hartree-Fock (HF) 7, 8 and density Functional theory (BLYP and B3LYP) 9,10 with 6-31G*, 6-311G*, 6-311G**, 6-311+G, and 6-311++G basis sets 11 .
For further investigation of the substituent effects, the thermochemical parameters including thermal energies, and entropies, Gibbs free energies and entropies of under consideration compounds of those four above active compounds of fennel plant have been performed to find the most stable candidate for fennel as steroidal hormones which full fills their structural stability.
To evaluate the ab initio and DFT calculation methods dependence of physio-chemical properties, such as Gibbs free energy, thermal energy, enthalpy, entropy, and C V have been carried out at different basis sets. The graphs of those thermochemical properties at different basis sets has been plotted and analyzed. Moreover, to evaluate the applicability of using different solvent especially for polar solvent effect on these physio-chemical parameters, the relative calculated Gibbs free energies values in water, methanol and ethanol has been computed through comparing HF, BLYP and B3LYP methods (1) 0.7113 (sp 1.52 ) C + 0.7028 (sp for selected 6-311G*, 6-311G**, and 6-311++G basis sets. Also, the Gibbs free energy (that is called solvation Gibbs free energy) results versus polarity of solvent have been analyzed. Finally, NBO analysis has been carried out to explore the distribution of electrons into atomic and molecular orbitals and thereby derived molecular bonds are then based on the percentage of P orbitals of some nuclei for different bonds of considered fennel compounds have been investigated and analyzed using DFT approach. Also, the ratios of core/charge and valence/charge of some nuclei have been compared and analyzed.
RESULTS AND DISCUSSION
Our investigation have been based on quantum chemical calculations to understanding solvent effect and identification of active site of the considered compounds to make shorten the long way from clinical trials to the final approval of the herbal fennel for estrogen deficiency disorders and estrogens affect anxiety.
Analysis of physio-chemical properties
The graph of calculated Gibbs free energies, enthalpies, thermal energies concerning to Trans-anethole, Estragole, 3'-Hydroxyanethole and 4-Methoxycinnamyl alcohol compounds versus basis set changes in different theoretical computational levels have been summarized in Figure 2 .
From the repor ted physio-chemical properties in Figure 2 we can see that Trans-anethole and Estragole have highest negative Gibbs free energies and enthalpies and thermal energies of these four effective compounds of fennel plant at different HF, BLYP and B3LYP levels (except calculated enthalpies of 4-Methoxycinnamyl alcohol). It has also the most structural stability amongst other consideration fennel compounds. So, as a whole, the order of stability obtained is thus:
Additionally, the graphs of entropy, and Cv of four compounds as effective compounds of fennel plant in HF, BLYP, and B3LYP for several basis sets such as 6-31G*, 6-311G*, 6-311G**, 6-311+G, and 6-311++G has been displayed in 
NBO analysis
The concept of natural atomic orbital (NAO) and NBO analysis which is useful for distributing electrons into atomic and molecular orbitals used for the one-electron density matrix for defining the shape of the atomic orbitals in the molecular environment and then derive molecular bonds from electron density between atoms 12 . Two dimensional structures of Trans-anethole, Estragole, 3'-Hydroxyanethole, and 4-Methoxycinnamyl alcohol as the most actives ingredient of fennel plant has been performed in Figure 4 .
The results of NBO analysis using B3LYP method with three large basis sets, that are 6-311G*, 6-311G**, and 6-311++G have been reported in Table 1 . We have observed the highest percentage of P orbitals were belonged to oxygen atoms that are in C1-O7 and O7-C8 bonds of all under consideration compounds and C11-O12 and O12-H13 of 3'-Hydroxyanethole, and 4-Methoxycinnamyl alcohol compounds. It is important to notice that the highest P orbital percentage has been identified for C-O and O-H bonds in all four compounds. Interestingly, using all consider quantum chemical methods for these four effective compounds of the fennel plant this maximum value of P orbital has been obtained with the large basis set, that is, 6-311++G** which reflected its high accuracy amongst considered basis sets.
Solvent effect
In continuation the calculation results, Gibbs free energy of Trans-anethole, Estragole, 3'-Hydroxyanethole, and 4-Methoxycinnamyl alcohol herbals in three popular polar solvents such as water, methanol and ethanol have been calculated in B3LYP method with large basis sets, 6-311G*, 6-311G**, and 6-311++G, as same as for NBO calculation and the results are summarized in Table 2 .
If we compare the results of solvation Gibbs free energy in Table 2 , it is appeared that using B3LYP/6-311++G calculation method and basis set lead us to more sufficient results than does the other employed methods and basis sets. Additionally, when we changing methods from HF to BLYP as well as B3LYP, solvation Gibbs free energy in all considered compounds rise to the most negative value and stability of molecules in solution was increased. Interestingly, highest solvation Gibbs free energy is belong to methanol in all compounds. Furthermore, solvation Gibbs free energy value in 3'-Hydroxyl anethole, and 4-Methoxycinnamyl alcohol significantly are higher than Trans-anethole, and Estragole which are belonged to O-H group their chemical structures.
CONCLUSIONS
The procedures discussed in this study place much emphasis on the importance of stability structure calculations of physio-chemical parameters and solvent effect as well as NBO analysis of Transanethole, Estragole, 3'-Hydroxyanethole, and 4-Methoxycinnamyl alcohol as the most actives ingredient of fennel plant. To illustrate the impact of electron correlation and basis set effects on the predicted thermochemical and NBO parameters of considered herbals, we have employed there different theoretical methods including Hartee-Fock (HF), and density functional theory (BLYP and B3LYP) and methods with 6-31G*, 6-311G*, 6-311G**, 6-311+G and 6-311++G basis sets to study the substituent effects of the herbals as well as bioactivity caused by their structural stabilities and corresponding physio-chemical parameters. It has been found out that DFT calculations reproduce well the mentioned parameters. The larger 6-311++G basis set is much more recommended, because it gives slightly better results and then does the other employed cases. The activity and stability as well as solvent effect of the herbals are strongly affected under physio-chemical properties at the specific temperature. So, out of the many desired drug physico-chemical parameters that is relate to the structural stability and then their optimal bioactivity, we have considered here a subset of physio-chemical properties in gas phase and some polar solvents that have to be fulfilled in many biological systems.
